8. What is the material used for hydraulic tubing that ia subjected 
to Intense heat? 


9. What type of line Is used to connect moving parts? 
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INSTRUCTIONS 


1. You are about to start the programmod instruction 
Vapor Cycle Air-Conditioning Systom . You will bo 
teaching yourself at your ovm spood. This is NOT 

a test, but a learning situation. ITierc will always 
be an instructor available to answer any question you 
•may have concerning the information being presented, 

2. You will proceed from page to page, as in a convey\tiona 
book. On each page, you will find one or more numborod 
sections. These sections are called "frames." You wil 
go from frame to frame, using a piece of paper to covoi* 
upcoming frames. There is no advantage in peeking at 
new information. To be effective, you must follow the 
sequence. You must respond to each frame before you 
uncover the correct response. AFTJiJR writing or 
selecting your response, be sure to check the loft oldo 
of the next frame to see if your response was correct, 

3 . If your response was vrrong, strike it out, reread Uio 
frame, and select another response. If your rosponso 
was correct, continue with the next frame. 

[}., At the end of this program, there is a self-test to 
check what you have gained from the lesson, 

5- Turn to page ii and read the objectlvos. 


VAPOR CYCLE AIR-CONDITIONING SYSTET^ 


OBJECTIVES 


The student will: 

!• Select, from a list of statements, the statement that 
describes the principle of operation of a vapor cycle 
air-conditioning system* (Frame 1) 

2. Select, from a given list, the type of liquid refrigerant 
used in most vapor cycle systems, (Frame 3) 

3. Match a list of vapor cycle system components to their 
purposes. (Frame 5) 

4. Complete a statement describing the driving device for 
the compressor and the evaporator fan in a vapor cycle 
system. (Frame 11) 

5. Complete a statement describing the method of 
controlling the temperature in a vapor cycle system. 
(Frame II 4 .) 

6. Select, from a list of statements, the statement that 
indicates how the heat is removed from the space to be 
cooled, (Frame 16) 

7* Complete a statement describing air induction through 
the condenser assembly during ground operation, 

(Frame 19) 
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scientific fact that a liquid can be vaporized at any 
temperature by changing the pressure about it. 

EXAMPLES Water, at sea-level pressure of approximately 
llj..? psij will boil if the temperature is raised to 212®P. 
The same water, at a pressure of 90 pai, will not boil until 
the temperature is raised to If this same water has 

the pressure reduced by a vacuum pump to 0.95 psi, it will 
boll at 100®P. 


If the pressure about a liquid Is Increased, the liquid will 

boll, or vaporize, at a (higher/lower) 

temperature . 


higher 


If the pressure about a liquid is reduced 
to below normal pressure by a vacuum pump. 


the liquid will boil, or vaporize, at a 
(higher/lower) temperature . 
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Ln most vapor cycle refrigeration units in aircraft as well 
IS in home air conditioners and refrigerators* At sea-level 
pressure, liquid Freon 12 -will boil at -22°P. 


liiquids that boil, or vaporize, at (high/low) I 

bemperatures are most desirable as refrigerants, i 


low 

At sea-level pressure, liquid Freon 12 I 


boils at minus degrees Fahrenheit. 

?2 

The refrigerant used in most vapor cycle 1 


air-conditioning systems is liquid j 





ii’reon 12 

1^. Select, 

type of 

from the following list, the 

refrigerant used in most vapor 


cycle air-conditioning systems* Circle the letter preceding 
your choice. 

a. Freon 22 . 

b. Freon 12. 

c. Carbon dioxide. 

d. Liquid ammonia. 
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I directly to the evaporator, and as the 

liquid Preon 12 changes to a vapor, the evaporator becomes 
the e;(pansion chamber for this vapor. As the refrigerant 
changes to a vapor, it absorbs great amounts of heat 
surrounding the coils of the evaporator. The refrigerant 
leaves the evaporator as a superheated vapor. 


Expansion 
Valve 


Liquid 


Orifice 



Vapor 


Evaporator 


Heat is absorbed from the surrotinding area as the Preon 12 
refrigerant (condenses/vaporizes). 


vaporizes 


vapor 


The refrigerant leaves the evaporator as a 
superheated (liquid/vapor). 

The expansion chamber for the refrigerant 
vapor is the 


(condenser/evaporator) « 
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1 1 exoansn.on or r.ne xiquxa in tne 

1 (evaporator assembly/expansion valve). 

1 


1 expansion 

1 valve 

l^en the refrigerant vaporizes, it is 

capable of 

1 (absorbing/dissipating) large amounts of 

1 (coldness/heat) from the surrounding area. 

absorbing 

heat 

7. Reuse of the refrigerant vapor requires 

that it be condensed. To do so, the 

heat must be transferred to some 

as air or water. In aircraft vapor cycle 

substance, such 


systems, air is norr<ially used* The refrigerant is changed 
back to a liquid by increasing the pressure vdth a 
compressor, while the heat is transferred to the air 
surrounding the condenser. 


CONTINUE TO PAGE 7. 
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Expansion Oil 



out 


V/hile the refrigerant vapor ia being condensed, heat from 
the vapor ia transferred to the (air/water), 

air Reuse of the refrigerant requires that it 

be (condensed/vaporized), 

condensed fl. The heat within the space to be cooled 

is absorbed into the refrigerant vapor 

A compressor moves this heated vapor from the evaporator to 
the condenser. As the vapor condenses, the heat is 
transferred to the ambient air. 

In the space to be cooled, the heat is removed by the 
refrigerant (liquld/vapor) « 






vapor 


9. Many components are necessary in a 
vapor cycle air-conditioning system 


for cooling and to allow reuse of the refrigerant. 



Filter Dryer 


REFER TO THE APPENDIX, PAGE 2!^.— VAPOR CYCLE AlR-CONDITIONINi 
SYSTEt'I COMPONENTS AND PURPOSES, REFER TO THE APPENDIX AND 
THE VAPOR CYCLE SYSTEM PLOW SCHEMATIC AND STUDY THESE 
COMPONENTS. AFTER SUFFICIENT STUDY, CONTINUE WITH THE 
FOLLOWING QUESTIONS. 

The refrigerant is condensed in the 


condenser 


The expansion chamber for the refrigerant 
to vaporize and absorb heat is the 




expansion The component that builds a differential 

valve 

pressure across the expansion valve is the 


compressor Oil is separated from the refrigerant by 

the 


oil separator Surplus refrigerant is stored in the 



receiver The liquid refrigerant is cleaned and water 

is removed by the action of the 



filter dryer Surges in the refrigerant flow rate are 

prevented by the • 








receiver 


preceding the 


10. Match the follox^ing list of component 
-J to their purposes. Write the letter 

component in the space provided before each 


purpose . 



Component 

Purpose 

a. 

Receiver 

Maintains the pressure differ- 

b. 

Evaporator 

entlal required for operation 
of the expansion valve. 

c. 

Compressor 

Separates the oil from the 

d. 

Expansion valve 

refrigerant and returns it to 
the compressor. 

e. 

Oil separator 

Condenses the refrigerant to a 

f. 

Filter dryer 

liquid. 



Stores surplus refrigerant and 

g* 

Condenser ~ 

prevents s\u*ges in the refrig- 
erant flow rate, 


Cleans and removes any water 
from the liquid refrigerant. 

Causes a rapid expansion of the 
refrigerant to a vapor. 

Acts as an expansion chamber for 
the refrigerant changing to a 
vapor to absorb the heat which 
surrounds the coils. 


coropreasor and the evaporator fan 
are each driven by a hydraulic motor. 
A hydraulic motor will develop more 
power than an electric motor of 

comparable size. 

The compressor and evaporator fan are each driven by 
a(n) ( olectric/hydraulic ) motor. 


Por a comparable size of motor, more power 

can be developed vdth the 

(electric/hydraulic) motor. 

12. The speed of the hydraulic motor is 
controlled by an electrical signal 
from a pressure transducer in the low-pressure refrigerant 
line. Controlling the speed of the compressor dt 
the flow rate of the refrigerant t 
theroforo, the amount of vaporl 
evaporator . 




COITTIiJUP TO PAGi: 12. 
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(condensation/vaporization) in the 


evaporator. 


vaporization 13. Complete the following statement b 


writing your answer in the spaces 


provided. 


In the vapor cycle air-conditioning system, the compress 


and the evaporator fan are each driven by a(n) 



hydraulic 

motor 


14. During the vaporization of the 


refrigerant, large amounts of heat 


are absorbed; hence, the cooling 


process takes place. Decreasing the speed of the compre 


results in less vaporization and reduced cooling. Incre 


ing the speed of the compressor results in more vaporiza 


and increased cooling. 


CONTimJE TO PAGE I3. 
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incroases, the amount of cooling 
(increases/decreasea) . 


If the speed of the compressor increases, 
the amount of cooling increases because 
(more/less) vaporization in the 


The temperature of the cooled air in the 
vapor cycle system is controlled by the 
(condenser/compressor) . 

15. Complete the following statement by 
circling the letter preceding your 
choice. 

Temperature is controlled in tho vapor cycle air-conditioni 
system by controlling the 

a. speed of the evaporator fan, 

b, engine bleed air. 

c. high-speed turbine. 

d, speed of the compressor motor. 
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the air surrounding the evaporator colls* A compress 
carries this heated vapor to the condenser which is 1 
outside the space being air conditioned. 


The heat is transferred by the refrigerant ______ 

(liq\iid/vapor) , 

17 . In the condenser, the heat is 
transferred from the refrigerar 
the outside air as the vapor is changed to a liquid, 
makes the Freon 12 ready for reuse by the system. 

The refrigerant vapor is changed back to a liquid anc 
heat removed in the (compressor/oonder 




— — [■H I UXXO OUCXUOiUdaO UXIO. 1/ UW 1.^ v>-vv^ 

heat is removed from the space to be air conditioned. 

Circle the letter preceding yotir choloe. 

a. The heat of the space to be air conditioned Is 
reflected by the use of light colors and by utilizing 
the cool ambient air of high altitudes, 

b. The heat of the space to be air conditioned is absorbed 
into the refrigerant vapor as it flows through the 
evaporator colls, 

0 , The heat of the space to be air conditioned is dissipated 
by forced air entering from an outside source, , 


b, is correct. 

19 « During ground operation, insufficient 


air will be flowing across the 


condenser to allow all the refrigerant vapor to condense. 
Therefore, air must be drawn (Induced) across the condenser 
colls. 


CONTINUE TO PAGE l6. 
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sufficient air flowing across the 
(condenser/evaporator) ♦ 

condense 20. During ground operation, ejector 

condenser nozzles are used to induce (draw) aii 

- ..T^TTr^rmi scross tHo condenser coils. 

High-pressure air, from the engines, enters the ejector 
nozzles and creates a low-pressure area behind the 
condenser assembly, inducing air into the condenser scoop. 
This airflow cools the condenser assembly, (Refer to the 
vapor cycle system flow schematic.) 

Airflow, to cool the condenser assembly during grovmd 
operation, la induced (drawn) into the scoop by the 

(lowAiigh) -pressure area created by the 

ejector nozzles . 
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ejector nozzles from the engine, is 
controlled by an ejector* air shutoff valve. This valve is 
operated by an air/gr*oiind safety switch. When airborne, 
the valve is closed by tiro safety switch. 

The ejector nozzles r’ecelve hlgh-pressnre engine bleed air 

only when the safety switch is in the 

(air/ground) position « 


Ehming ground operation, high-pressure 
engine bleed air flowing through the 

ejector nozzles creates a (high/low) -pressure 

area behind the (condenser/evaporator) 

assembly, inducing (dr?awing) air into the air scoop. 

Therefore, sufficient air* will flow through the 

( evaporator/oondens or* ) as sombly . 



the vapor cycle air-conditioning system 
other than making required Inspections 
and operational checks* Most system 
components are set at the factory, and because of the special 
equipment necessary, adjustments cannot ordinarily be made 
in the field. As an Aviation Electrician's Mate, you will 
be required to understand the system to be able to perform 
the required Inspections and the operational checks, 

HO RESPOHoE REQUIRED. 


you HAVE COMPLETED THIS PROGRAM. TURK TO PAGE ii AND READ 
THE OBJECTIVES AGAIN, IP YOU DO NOT PULLY UNDERSTAND Al'FY 
OBJECTIVE, REVIEl'/ THE APPROPRIATE SECTION OP THE PROGRAM OR 
ASK THE INSTRUCTOR FOR CURIPI CATION . IF YOU Ul^DERSTAND ALL 
THE OBJECTIVES, CONTINUE TO THE SELF-TEST, 


condenser 

condenser 


VAI’Ofi CYCLE AIR-COKDITIONING SYSTEM 
SELF- TEST 


1, ooloc-tj tho MtatoTuonii below that describes the prlnclF 
oi oporution of a vapor cycle air-conditioning systerr 
Cii'clo tho lottor preceding your choice, 

a. Vajior cyclo aystema operate on the principle of 
thormal agitation of the molecules in the 
rofrigoraut. 

b. Vapoi* cyclo systems utilize the compression of th 
i‘nfrlgorant in tho condenser to produce the 
rofrigoratod air. 

c. Vapoi* cyclo ayatema make use of the scientific fs 
that a liquid can be vaporized by changing the 
proaauro about it. 


R. Soloot, from tho following list, tho type of refrigei 
u;Jod in moat vapor cycle air-conditioning systems. 
Clrclo tho lottor preceding your choice. 

a. Liquid ammonia. 

b. Carbon dloxldo, 

c. Froon li^ . 

d. Froon ?.?. . 


3. Hatch the following list of vapor cycle systeta components 
to their purposes. Place the letter preceding the 
component in the space provided adjacent to the purpose. 


Component 

a. Compressor 

b. Oil separator 

c. Condenser 
assembly 

d. Receiver 

Q* Filter dryer 

f. Expansion 
valve 

g* Evaporator 
assembly 


Purpose 

Condenses the refrigerant to a 
liquid. 

Causes a rapid expansion of the 
refrigerant to a gas. 

Separates the oil from the 
refrigerant and returns it to 
the compressor. 

Acts as an expansion chamber 
for the refrigerant to absorb 
the heat stirrounding the coils. 

Cleans and removes any v/ator 
from the liquid refrigerant. 

Maintains the pressure 
differential required for the 
operation of the expansion valve. 


Stores surplus refrigerant and 
prevents surges in the 
refrigerant flow rate. 


In the vapor cycle air-conditioning aystoTfi, the 
compressor and the evaporator fan are each driven by 
a(n) . 


5. Complete the follovdng statement. Circle the letter 
procoding your choice. 

Temperature la controlled in the vapor cycle 
air-conditioning system by controlling the 

a. speed of the evaporator fan. 

b. speed of the compressor motor. 

c, ongine bleed air. 

d, high-speed turbine. 


your choice. 

a. The heat of the space to be air conditioned is 
absorbed into the refrigerant vapor as it flows 
through the evaporator coils. 

b. The heat of the space to be air conditioned Is 
reflected by the use of light colors. 

c. The heat of the apace to be air conditioned is 
dissipated by forced air entering frora an outside 
source. 


7. Complete the following statements describing air 

induction during ground operation. Write in the spaces 
provided your selection from the words following each 
space. 

Burlng ground operation, sufficient airflow is induced 

through the (evaporator/condenaer) assembly 

by directing hlgh-pre satire bleed air, frora the engines, 
through the ejector nozzles into the vapor cycle air scoop. 

This creates a (low/high) -pressure area 

behind the (evaporator/condenser) assembly. 
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VAPOR CYCLE AIR-CONDITJ.ONING SYSTM COI-IPONENTS AND PURPOS 


COMPRESSOR--Maintain3 the presaxire differential required 
the operation of the expansion valve. 

CONDENSER’-Condensea the refrigerant to a liquid, 

EVAPORATOR ASSEMBLY--Act3 as an expansion chamber for the 
refrigerant changing to a vapor to absorb the heat 
surrounding the coils. 

FILTER DRYER- -Gleans and removes any water from the liqui 
refrigerant. 

OIL SEPARAT0R--Separate3 the oil from the refrigerant and 
returns it to the compressor. 

RECEIVER--Stores surplus refrigerant and prevents surges 
the refrigerant flow rate. 

EXPANSION VALVE--Gaua6s a rapid expansion of the refriger 
to a vapor. 




GUARDIAN OF OUR COUNTRY 

I'"' ''"'''■■I N..V 1 , responsible for mamteming control of the sea 

•'''<1 I-. .1 -rnnly lorce on watch at home and overseas, capable of strong 
m bnn In serve the peace or of instant offensive action to win m war 

It IS iipnn the maintenance of this control that our countrys glorious 
liiUire Ilepeiuls. the Uniteil Slates Navy exists to make it so. 


WE SERVE WITH HONOR 

I raililmii, valor, and victory are the Navy's heritage from the past. To 
lliesi! may he aililed drtilication. discipline, and vigilance as the watchwords 
tiH! [ircsciil , 1 H(I tiM* Uiture. 

At tnnti(‘ Ilf uii (list.int stjition?, we servo with pnde, confident in the respect 
of mir country, our shipmates. ar)d our families 

Our ro'iponsiliililios sohor us. our adversities strengthen us. 

SiTvii v to ('ififl ,111(1 Oouniry is our special privilege. We serve with honor. 


THE FUTURE OF THE NAVY 

Tti(T N.ivy will rilways employ new weapons, new techniques, and 
^jfuiiter power to protect and defend the United States on the sea, under 
ltu> stM, aiui in the air 

Now ,jM(J 1(1 till.* Iiiiiire, control of Ihe sea gives the United States her 
gro.itnst tidv.inlfijp' for {he maintenance of peace and for victory in war. 

Mobility, surprise, <Jisp(‘rs,il. and offensive power are the keynotes of 
the new N.ivy The roots of the Navy Ire in a strong belief in the 
future, in continued dedication to our tasks, and in reflection on our 
tierilape fruni tlie past. 

Never have our (niiioriumtics and our responsibilities been greater. 


zvAoa 
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(.1 Nl.UAl I )1{1)M{ 
No ;! 


Navy department 

Washington, D. C., i May 1 %} 


LEADERSHIP IN THE UNITED STATES NAVY AND MARINE CORPS 

Part 1— Oitcui&lon 

l Ilf \ Initf.i M.iir, Niv>.Mjriiif C.wj.j /fowch of mrofwus ithimmcncs on lind, at sea, and in the ait in 
l-fiif aii.l W 4 I luNf won l.it tlif^f ^ctviies jii lionoted |K»su.on in our great nation. This heritage was passed 
(.11 IM lu l.y wui lr..,|rn, I...1I, ao.UnJmeJ, whose oiifstanding examples of courage, integrity and devo- 
tion Co .Inn „f liiMoiiiill^ 11, cy luomplishftl their missions successfully by high caliber leadership 

ami ]i i ciiul ( [ li<- Mnn^ih „l niir nJium jod of <m teevrees depends upon courageous, highly mn- 

iiv.iifd and i( ^|'l<n^|lllr iiiduidi>a|\ 

Part 11— Ob|ective 

i I'f ' I’l' ' 'I'l "I iiiiv ^;»nnjl oi.Irr »v in jihirve an mronpeming srare of combat readiness by. 
a 1 111 I'll I !.• mi: dial MU . I \sfiil )fad(-l^lnp ai all levels IS lusctl on |ieison]l example and moral responsibility. 
I' I II Mil mn iliji f I rn man j»>,| u-miiiii arc ihennclvcs cxa/ii|iics of auiiUiy idah. 

> l(i'|uinii|; jiisiiMl aitrniioii It. .<ii>| supervision oi Mil»>fiiina(CS 

Port III— Action 

I 1 lit t lin / I d I ijTijfi.'iiv iiid ihf t i>iiii».ii>iljj)i Ilf the Marine (.ofj's shall be dlfctfJy responsible for 

Iiuinlamin^’ Kpiiimnn li adi ivlnp siaiuiai.U 1 he Ullilci Scucijiy of the Navy sliall bc tcsfionsihle for the 

I'll i| >11 mi|>lnm nl.iiii >11 >>1 ihii oiilei 

h'lit. Upr and Ad loinnunilcrs shall icview each command's leadetship posture as an 

Miirp/al pall ><I iiiihrati iii'i f> (lous an.i th.dl iiii hide (hr ir cvaloadoii m insjtection fcpofts 
s l.viic iiiiniii ind ami rsfic ina|>'r ■•Hue and hiiKaiiol (lie Kjvy Oc|<aitit)ent shall, on a Continuing basis, 
(fs ti n 1(1 l< adff /tip iratidar-lv. fa. h '/lall ulc rt/ci me nieauirev m improve t/iem and shall develop an aware- 
hi'11 nl till ni I >1 i>>i f;><i»| Ifidridiip l>i pmvidinyt progiiiiis lot insttuctuih m leadership principles and practices. 

I All pti-nii III li sp .m.iftle p..Mii. nv. miliuiy - 111.1 ovihan. shall retjuifc fli.it tlicif Subordinates discharge 
tlini dime, m ciih tia.liifiul lomcptv nl Nivy .md Marine Ciitps Standards, paying particular 


a .Miiial (ri|t.>iiiil>ilili 

( Am. If u I '.’A, Nan llfpid.i I’jiagraph Mumc Corps Manual.) 

It I'l I ruatiiplr k li.ivini anti |>f(|iiimJIUC 

(Am. If l.'lii. r-.'ivi l{rynbiM.uv Paiagijph Marine (aicps Manual ) 

I 1 •.nl'lr.lii >1 Maii.lai'li l.u |viv"imrl ilcvfinpmcnl 

(Am. U II '111. N'av> Hr;;nIjiM.Hv I'afagMph ntXJ. Marine Corps Manual) 
d lMifp,(aii.>ii .il prill, iph'i an. I praitnfs til Icjtlrtslup ifilo everyday routine 
( .\i III If 1 1 'I f 1 . .‘•.’a'l l<i-j;iilaii.>u' I’jiJgiiph .Matinc Ccitps Manual ) 
r I ttr.iivr . itp.aiiir ji n >ii Jml adiuinistiaiioii 

( Atiii Ir o 'in. Naw Krg.ilaiioiis I'atagraph itXXI, ^fa^ 1 nc Corps Manual ) 
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Fred Korth 
Se<relar/ of tht Navy 
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